ROsum6 -On examine des comportements singuliers de la rdflectiviti au voisinage de la reflexion totale, pour des profils de concentration lentement decroissant. Les contraintes experimentales sont discutdes.
1. Introduction : Different a~~roaches to the reflectivity exueriment Specular reflection of a neutron beam occurs when the beam hits a flat interface, materializing a change h of refractive index. The difference between vacuum and condensed matter being very small (An the reflected beam intensity is sizeable only at grazing angles of incidence. However, one advantage of experiments with neutrons, is the relative ease with which h can be modulated when the interface compounds are organic (deuteration).
The reflectivity experiment allows to investigate the structure of the interface. We call a the distance, to the interface. Traditionally two types of analysis are made. a) Determination of a systematic index variation &(a) in the direction orthogonal to the surface.
The function h(z)
is for instance associated with a concentration profile in a binary solution, one of the component being preferentially adsorbed at the interface. This is the situation /1/ which we discuss in sections 2 and 3. We shall be interested in the
and the reflectivity function R(k sine), where k is the incident wave vector and the angle of incidence. In particular, we consider the total Comparison between (1) and (2) indicates that roughness effects are relatively more important at large wave vectors k.
c) There are other approaches in the reflectivity experiment aimed at a better resolution of the detailed structure : study of the diffuse scattering away from specular reflection, polarization analysis, etc.. We also mention the possibility to introduce labelling patterns in the sample, in order to study specifically the contribution of partial structure factors to the reflectivity. Experimental investigation of the reflection edge (k/k, 3 1) is therefore of great interest. Naturally, the cross over to the evanescent wave situation (k/kc < 1) should also be considered /7/.
There are however difficulties, mostly related to the fact that the experimental situation is not as simple as the theoretician would like.
Concentration ~rofiles of ~olvmer solutions
Polymer solutions near an interface have interesting structure properties which have been studied /9,10/ since the years 1980. We give here some results of interest. a) In the case of a strongly absorbing interface, if the bulk concentration is negligible, the concentration of infinitely long polymers decreases away from the surface like z-~+'/" /9/. b) A universal behaviour /11/ is predicted in the limit of dilute solutions in a good solvent. The polymer concentration ~( z ) writes (in A-3 units):
where A " 2/n.? and where is the square radius of gyration.
C) The finite size of polymer chains imply a cut off z , , , in the concentration profil. This cut off plays an essential part in the interpetation of experiments /8/.
All these facts are now well known. Our aim is to report on the correspondence between the asymptotic behaviour of the (infinitely long) polymer concentration profiles and the singular behaviour of the reflectivity at total reflection edge. The problem is of interest by itself and in relation to the one dimensional SchrBdinger equation.
Sinnularities at total reflection edne
The reflectivity R of a radiation is derived from the "SchrBdinger" equation and to the concentration profile. In the limit z -+ 05 the solution 8 ( z ) of (4) represents an outgoing wave. The reflectivity R is then given by :
Let us now discuss equation (4) 
1) Y < O : the well
The behaviour of the reflectivity function is singular when the interaction potential decreases slowly enough, i.e. P < 2 in (13). 0. Guiselin has proved /12/ that, in such conditions, R(K) is discontinuous at K -0 (see Fig.1 ). This fact can also be infered /13/ from ( 5 ) and from the WKB approximation to the solution of equation (11) 
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Fig.1. Case of potential well. Calculated discontinuity of the reflectivity curve and preliminary experimental results obtained with PDMS in deuterated toluene.

Y ----4 -( s e e (12) for the definition of kc )
k, sine result of a computer simulation /14/, eq. (14) and (10) This behaviour is remarkable, because it occurs only if the potential AV(z) extends to infinity and decreases slowlier than z -~. In all other situations, R(K) is continuous at K-0. For instance, if for z 2 z , , , the potential AV(z) is zero, the solution Jr(z) (Z >, z m a x ) to equation (11) removes the singular behaviour described above : R(K) has in fact a dependence similar to the Fresnel law (A detailed calculation of R(K,z,,,) was recently made by A. Johner /16/). However, trends towards the singular behaviour should be observed, when the experiment is made with longer and longer chains.
Another difficulty is introduced by the finite resolution of the reflectometer, which also has the effect to wash out the singularities. 
Concludinn remarkg
The vicinity K 4 of the reflectivity curve contains direct evidence of the asymptotic behaviour of the interaction potential. If cut off and resolution effects are mastered, the experiment associated with the potential well and the reflectivity discontinuity should give direct evidence of the slow decay predicted for the concentration profile of adsorbed polymers. Another possibility is to consider the total reflection edge from the side of evanescent waves ( K~ < 0). The penetration depth diverges as the grazing angle 8 of the incident beam tends to the critical value 8, (see (12)).
Here, the appropriate experiment /7/ consists in using evanescent light waves to excite fluorescent groups attached to polymer chains. The measured quantity is the fluorescent intensity where P and where &(z) is the concentration profile.
Singularities associated with the profile &(z) appear here in the limit p*. In this case /17/ ~( p ) pz-'lv eZoP r(l/~-2,z,p)
Experimental results /7/ agree qualitatively with this behaviour, in the limit p -4 0.
